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@ Process for treating acidic exhaust gas. 

@ This invention relates to a process for treating acidic exhaust gas for separation of its acidic components by 
contact with a gas-treating solution composed of an aqueous solution of quaternary ammonium compounds, of 
formula (1 ): 
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wherein Ri to fU are each an alkyl group with 1 to 3 cartx>n atoms or an hydroxyl-sut^stituted alkyi group, said 
groups being identical with or different from one another, and X is 0H~ or i COs^). particularly for treating 
acidic exhaust gas containing fluorine and/or fluorine compounds ea^ly and efficiently under clean conditions 
without contaminating th environment and it is suitabi for practice in a clean room In th process for 
manufacturing semi-conductors, particularly suitable for treatment of acidic xhaust gas containing fluorine 
and/or fluorine compounds generated in th process for manufacturing semiconductors. 
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TTiis inv ntion r lat s to a process for tr ating xhaust gas containing acidic compon nts and. mor 
particularty although not limited, to a process for tr ating xhaust gas containing a van ty of acidic 
compon nts. for xampi . fluorin and/or fluorin compounds including fluorin gas. hydrofluoric acid, 
fluosilictc acid and ammonium fluorid generated in th cleaning st p for r moval of oxid films spontane- 

5 ously formed on the surface of wafers in the process for manufacturing semiconductors and hydrogen 
chloride, nitric acid, sulfuric acid and hydrogen peroxide used in the step for cleaning silicon wafers. 

In the process for manufacturing semiconductors, for example, various acids used in a number of steps 
generate acidic gases. If such acidic gases contaminate the atmosphere inside a clean room, they will 
infiltrate into semiconductor devices to affect most adversely the product performance and lower the yield. 

10 Moreover, acidic gases corrode equipment in a clean room thereby causing contamination of the at- 
mosphere with heavy metals and generation of particles and heavy metal ions also infiltrate into semicon- 
ductor devices and adversely affect the product performance. 

In consequence, acidic gases generated in various steps in the process for manufacturing semiconduc- 
tors are generally treated as follows to prevent them from contaminating the atmosphere inside a clean 

75 room: acidic gases are sucked into ventilation equipment such as a ventilation duct and led out of the clean 
room into absorption equipment such as a scrubt>er where the gases are absort>ed in a gas-treating solution 
composed, for example, of water, an aqueous solution of caustic alkali such as caustic soda and caustic 
potash or an aqueous solution of alkaline earth metal hydroxides and a spent gas-treating solution 
discharged from the at>sorption equipment Is treated with slaked lime, rendered harmless by such means 

20 as coagulation sedimentation, and discarded. 

The aforementioned process for manufacturing semiconductors, for example, uses hydrofluoric acid, 
ammonium fluoride and the like in the cleaning step for removal of oxide films formed spontaneously on the 
surface of wafers and generates exhaust gas containing fluorine and/or fluorine compounds such as fluorine 
gas. hydrofluoric acid, fluosilicic acid and ammonium fluoride (NhUF) as acidic components, that is. acidic 

25 exhaust gas containing fluorine. Extremely strict standards are set for disposal of this type of acidic exhaust 
gas containing fluorine in view of the harmful effects of fluorine and/or fluorine compounds on the 
environment and a general practice is to subject a waste liquid containing fluorine and/or fluorine 
compounds obtained by treating such exhaust gas containing fluorine to secondary treatment to convert 
said fluorine and/or fluorine compounds to calcium salts for subsequent separation and removal. 

30 H the aforementioned acidic exhaust gas containing fluorine is sucked into ventilation equipment 
together with another extiaust gas, for example, gas containing ammonia, crystals precipitate inside the 
ventilation equipment and their removal requires much time and lakx)r. Vapor of fluosilicic acid (H2SiF6) 
generated during treatment of wafers with hydrofluoric add tends to undergo hydrolysis easily and. upon 
hydrolysis, precipitates crystals of silica inside ventilation equipment and removal of the silica crystals also 

35 requires much time and latx>r. 

It is thus desirable to provide a system of ventilation equipment and at>sorption equipment such as a 
scrubber for acidic exhaust gas containing fluorine generated in the process for manufacturing semiconduc- 
tors separately from other acidic exhaust gases and treat only acidic gas containing fluorine in a separate 
system. Acidic exhaust gas containing fluorine however, is usually generated at scattered sources and it is 

40 not practical to treat the gas by separate ventilation and at>sorption equipment on account of high capital 
cost for piping and the like. 

It is conceivable to install absorption equipment such as a scrubber in a clean room, the very source of 
acidic exhaust gas containing fluorine, and treat the gas on site by absorbing its acidic components in a 
gas-treating solution. However, an aqueous solution of caustic alkali such as sodium hydroxide or an 

45 aqueous solution of an alkaline earth metal hydroxide is normally used as gas-treating solution in this type 
of at>sorption equipment and bringing of such solution into a clean room in the process for manufacturing 
semiconductors may entail a dar^r of contaminating semiconductor devices with alkali metals and alkaline 
earth metals. Hence, the process in question is considered unpractical and not adopted. 

Besides, acidic exhaust gas containing fluorine introduced into a gas-treating solution composed of an 

50 aqueous solution of caustic alkali or an aqueous solution of an alkaline earth metal hydroxide in the 
absorption equipnwnt forms fluorides of low solulwlity such as sodium fluoride and potassium fluoride in the 
gas-treating solution. These fluorides precipitate as crystals in the at)Sorption equipment arKl block tf^e 
passage for recycle of the gas-treating solution and the flow passage of a stream of acidic exhaust gas. 
Several processes hav been proposed for at)sorbing acidic xhaust gas containing fluorin in a gas- 

55 treating solution and treating a spent solution containing fluorin and/or fluorin compounds discharged from 
at>sorption equipm nt. 

For xampI , th following processes ar known: predprtation of fluorin and/or fluorine compounds in 
the waste liquid as caJdum fluoride with lime or slaked lime as disdosed in Japan Kokai T kky Kofio No. 
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Sho 61-220787 (1986); r moval by adsorption on anionic ion xchang resins; r moval by addition of 
aluminum compounds followed by adsoprtion on anionic ion exchange resins as disclosed in Japan Kokai 
Tokkyo Koho No. Sho 58-64181 (1983); r moval by m tal ion-adsort>ed iminodiacetic acid type chelat 
r sins as disclosed in Japan Kokai Tokkyo Koho Nos. Sho 50-44649 (1975) and Sho 51-115058 (1976); 
5 removal by adsorption on metal ion-adsort)ed aminoalkylenephosphoric acid type chelate resins as 
disclosed in Japan Kokai Tokkyo Koho No. Sho 57-107287 (1982); and addition of iron compounds, 
aluminum compounds, lanthanum compounds or zirconium compounds followed by treatment with chelate 
resins. 

According to another process disclosed in Japan Kokai Tokkyo Koho No. Sho 61-192385 (1986), 
10 fluorine and/or fluorine compounds are adsort)ed on an adsort)ent for fluorine consisting of a specified 
hydrated metal oxide or hydrated metal fluoride supported on a resin matrix at or below pH 7, eluted with 
an alkaline solution, and a calcium salt is added to the elute to separate fluorine and/or fluorine compounds 
as calcium compounds. 

The aforementioned processes, however, use an aqueous solution of caustic alkali such as sodium 
75 hydroxide as gas-treating solution to absorb the acidic components of acidic exhaust gas containing fluorine 
in absorption equipment and they are not able to solve the problems associated with the aforementioned 
treatment of acidic exhaust gas since the gas-treating solution in question cannot be takken into a clean 
room in the process for manufacturing semiconductors. 

The present Inventors have conducted extensive studies in search of a process for treating acidic 
20 exhaust gas which can easily and efficiently treat acidic exhaust gas containing acidic components such as 
fluorine and/or fluorine compounds including fluorine gas, hydrofluoric acid, fluosllidc acid and ammonium 
fluoride and hydrogen chtoride, nitric acid, sulfuric add and hydrogen peroxide under clean conditions 
without contamination of the environment and. as needed, may tte taken into a clean room In the process 
for manufacturing semiconductors, found that the object can t>e accomplished by using an aqueous solution 
2S of specffled quatemary ammonium compounds as gas-treating solution and completed this invention. 

Accordingly, it Is an object of this invention to provide a process for treating addle exhaust gas which 
can treat easily and efficientiy the acidic components of exhaust gas under clean conditions without 
contamination of ttte environment. 

Another object of this Invention Is to provide a process for treaing acidic exhaust gas containing fluorine 
3Q which can treat easily and efficientiy addic exhaust gas, in particular, exhaust gas containing fluorine and/or 
fluorine compounds such as fluorine gas. hydrofluoric acid, fluosllidc add and ammonium fluoride as addic 
components. 

A further object of this Invention is to provide a process for treating acidic exhaust gas which can be 
taken into a clean room in the process for manufacturing semiconductors and Is particularly suitable for 
35 treatment of addic exhaust gas generated in the process for manufacturing semiconductors. 

Thus, In treatment of addic exhaust gas by contact with an alkaline gas-treating solution for separation 
of its acidic components, this invention relates to a process for treating addic exhaust gas which comprises 
contacting acidic exhaust gas with a gas-treating solution composed of an aqueous solution of quatemary 
amrTK)nium compounds represented by the following general formula (1) (wherein Ri to FU are alkyl groups 
40 with 1 to 3 cartx)n atoms or hydroxyl-substituted alkyl groups, identical with or different from one arrather, 
and X is OH or 1/2 CCb^ ) and separating the addic components from said acidic exhaust gas. 



X- (1) 

50 Further, in treatment of addic exhaust gas by separation of its acidic components as caldum salts, this 
invention relates to a process for treating acidic exhaust gas which comprises contacting addic exhaust gas 
with a gas-treating solution composed of an aqueous solution of quatemary ammonium compounds 
represented by the aforementioned general formula (1) to effect at)sorption of the acidic components of said 
acidic xhaust gas in th gas-treating solution, contacting th spent gas-treating solution containing th 

55 aJt>sorit>ed addic comportents with calcium carbonat to fleet precipitation of th addic compon nts as 
caldum salts arKi separating th caldum salts. 

Still further, in treatment of addle xhaust gas by separation of Its addle compon nts as caldum salts, 
this invention r lates to a process for treating addic xhaust gas which comprises an al)sorption step 
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wherein acidic xhaust gas is contacted with a gas-tr ating solution composed of an aqueous solution of 
quaternary ammonium compounds r presented by th aforementioned general formula (1) to effect 
aljsorption of th acidic compon nts In th gas-treating solution, a precipitation st p wh r in the spent gas- 
treating solution withdrawn from th absorption st p and containing th absortjed acidic compon nts is 
5 contacted with calcium cartx)nate to effect precipitation of the acidic components as calcium salts, a solid- 
liquid separation step wherein the precipitated calcium salts are separated and a recycle step wherein the 
solution remaining after separation of the calcium salts Is recycled as gas-treating solution to the absorption 
step. 

Exhaust gas forming the object of treatment in the process of this invention is, for example, acidic 

10 exhaust gas containing fluorine and/or fluorine compounds including fluorine gas, hydrofluoric add and 
fluosilicic acid, chlorine gas, hydrogen chloride, nitric acid, sulfuric acid, sulfurous acid, sulfuric anhydride, 
hydrogen peroxide and nitrogen dioxide as acidic components. Such acidic components may be present 
singly or as a mixture of two or more in exhaust gas. 

In the cases where it Is desirable to treat acidic exhaust gas containing fluorine and/or fluorine 

15 compounds such as fluorir^ gas, hydrofluoric acid, fluosilicic acid and ammonium fluoride generated in the 
cleaning step in the process for manufacturing semiconductors and fix fluorine atoms in exhaust gas for 
maximal and efficient separation of fluorine, acidic exhaust gas containing fluorine and/or fluorine com- 
pounds is preferably treated alone separately from acidic exhaust gases containing other acidic compo- 
nents. No difficulty arises when a small amount of ammonia gas discharged in the process for manufactur- 

20 ing semiconductors finds its way into the aforementioned acidic exhaust gas. 

In the absorption step where exhaust gas containing the aforementioned acidic components is 
contacted with a gas-treating solution, an aqueous solution of quaternary ammonium compounds repre- 
sented by the aforementioned general formula (1) Is used as gas-treating solution. 

Concrete examples of quaternary ammonium compounds are quaternary ammonium hydroxides such 

25 as tetramethylammonium hydroxide (TMAH), trimethylhydroxyethylammonium hydroxide (choline), methyl- 
trihydroxyethy lammonium hydroxide, dimethyldihydroxyethylammonium hydroxide, tetraethylammonium 
hydroxide and trimethylethylammonium hydroxide and quaternary ammonium cartx)nates such as di- 
(tetramethylammonium) cartx)nate fTMAC). Of these. TMAH. choline and TMAC are particularly desirable 
as they are of high product purity, easy to handle and inexpensive and there Is a possibility of their use In a 

30 clean room as they have been used as developer in the manufacture of semiconductors. 

The concentration of quaternary ammonium compounds to be used as gas-treating solution in the 
attsorption step is not specified as long as it is sufficiently high to capture with certainty the acidic 
components in acidic exhaust gas during gas-liquid contact. From the viewpoint of ease of handling, the 
concentration Is normally in the range of 0.01 to 30% by weight, preferably 10 to 25% by weight With a 

35 gas-treating solution composed of an aqueous solution of 0.01% by weight or less of quatemary ammonium 
compounds, the rate of absorption of acidic exhaust gas becomes too low for satisfactory absorption of the 
acidic components. On the other hand, a concentration in excess of 30% by weight raises the viscosity of 
an aqueous solution of quatemary ammonium compounds to such an extent as to cause solidification and 
difficulty In al>sorption. 

40 As for a process for contacting exhaust gas with the aforementioned gas-treating solution to effect 
atksorption of acidic exhaust gas containing fluorine in the absorption step, a choice Is made among known 
processes such as wet processes with the use of a scrubber of such type as packed column, plate column, 
Venturi, rotary and net spray and dry processes based on absorption of the acidic components of exhaust 
gas in a bag filter impregnated with a gas-treating solution. Of tftese processes, a packed column type 

45 scrubber is a simple apparatus of high efficiency requiring a small space tor its installation and operation 
and is suitable for installation inside a clean room In the process for manufacturing semiconductors to 
capture acklic exhaust gas containing fluorine therein generated. The absorption equipment to be used in 
the absorption step may be of either batch or continuous type. 

The extent of at>sorption of acidic gas in the gas-treating solution in the at>sorption step varies with the 

50 volume of gas-treating solution in use, tfie concentration of quatemary ammonium compounds and the 
method of contact. It Is preferable to withdraw the gas-treating solution as spent solution when Its pH 
reaches rmar tfte neutral value, preferably 7.1 to 8.0. 

In the process of this invention, the spent gas-treating solution withdrawn from the aforementioned 
at)sorption step can be disposed f by such means as incin ration or. If necessary, contacted with calcium 

55 cart)onat to precipitate th acidic compon nts In the spent solution as calcium salts. Wh n th scrut>t)er or 
other absorption equipm nt is installed in a clean room in the process for manufacturing semiconductors, it 
Is desirable to transfer th spent solution from the clean room to arK)th r site and dispose the solution by 
incineration and the lik r contact ttte soluti n with calcium cartcnat to precipitate th acidic components 
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in the spent solution as calcium salts. 

In tti cases wh re the spent gas-treating solution withdrawn from the absorption step is contacted with 
calcium cartx)nat to precipitat the acidic compon nts in th spent solution as calcium salts in th process 
of this inv ntion, agitation of th spent solution and calcium cartx)nate is effected by a stinr r or by a static 
5 mixer on a batchwise or continuous t>asls. 

After precipitation of fluorine and/or fluorine compounds in the spent gas-treating solution as calcium 
fluoride, the precipitates are separated in the following solid-liquid separation step. A process such as 
fittration. centrifugation and liquid cyclone may be adopted for the separation of the calcium salts in this 
step. 

10 In the event that the calcium salt separated in the precipitation step is calcium fluoride, the salt is 
treated in the usual manner, for example, it is treated with concentrated sulfuric add to recover hydrogen 
fluoride. The solution remaining after separation of the calcium salts in the precipitation step is a "used 
treating solution" and it may suitably be disposed as waste, treated for regeneration or used in other 
applications. However, what remain after separation of calcium salts by contact of fluorine and/or fluorine 

75 compounds in the spent gas-treating solution with calcium cartxtnate are quaternary ammonium carbonates, 
one of the components of gas-treating solutions of this invention. It is therefore preferable either to recycle 
the recovered solution directiy as gas-treating solution to the at>sorption step or to subject the recovered 
solution to electrolysis to regenerate quaternary ammonium hydroxides for reuse depending upon the 
concentration of quatemary ammonium compounds. 

20 According to the process of this invention, a gas-treating solution which is brought into contact with 
exhaust gas to at>sorb acidic exhaust gas containing fluorine in said exhaust gas has an extremely low 
vapor pressure and, t>esides, it is composed of an aqueous solution of quatemary ammonium compounds 
which are strong alkalis but, unlike alkali metals and alkaline earth metals, harmless to semiconductor 
devices and cunrentiy in use as developer in the developing step In the process for manufacturing 

25 semiconductors and at the same time possess excellent dissolving power against quatemary ammonium 
fluorides generated during absorption of acidic exhaust gas containing fluorine and also against silica 
formed by hydrolysis of fluosilicic acid. In consequence, it is possible to operate the at>sorption step for 
exhaust gas in a complete solution system with extreme ease of maintenance. 

The separation of the acidic components of exhaust gas as calcium salts in the process of this Invention 

30 can be considered theoretically to proceed according to the following reactions. 

0 In the case where the acid component in acidic exhaust gas is hydrogen fluoride and the quatemary 
ammonium compound represented by the general formula (1) is tetraalkylammonium hydroxide: 

[R^NJOH + HF-^[R»N]F + H2O 
35 2 [R^NJF + CaCOa [FUNfeCCb + CaF2 

(D In the case where the acid component in acidic exhaust gas is dihydrogen hexafluorosllicate and the 
quatemary amnwnium compound represented by the general formula (1) is tetraalkylammonium hydrox- 
ide: 

40 

2 [R»N10H + HzSiFe -* [FUNfeSiF^ + 2 H2O 
[RiNJzSiFe + CaCOa [R4N12C03 + CaSiFc 

@ In the case where the add component in acidic exhaust gas is hydrogen tetafluoroborate and the 
45 quatemary amrTK)nium compound represented by the general formula (1) Is tetraalkylammonium hydrox- 
ide: 

[FUNJOH + HBF4 - [RiNJBF* + H2O 
2[R4N]BF4 + CaCOa-^ [FVNfeCOs + CaIBF4k 

50 

® tn the case wftere the acid component In acidic exhaust gas is an acidic ion Y (Y Is CI ~ NOa ~ or 1/2 
S04^ or a mixture thereof) and the quatemary ammonium compound represented by the general 
formula (1) is tetraalkylammonium hydroxide: 

55 [FUN]OH + [R4N]Y + H2O 

2 [FUNI2Y + CaCOa-^ [R4NI2CO3 + CaYa 
[R^NfcCOa + H20-[R4N]0H + HaCOa 
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According to th process of this inv ntion, it is possibi to treat acidic xhaust gas containing acidic 
components, particularly, fluorin and/or fluorine compounds easily and fficiently und r clean conditions 
witfiout contamination f th environm nt. Thus, the treating process of this inv ntion can be practiced in a 
clean room in th process for manufacturing semiconductors and is particularty suited f r treatment of 
5 acidic exhaust gas containing fluorine and/or fluorine compounds generated in the process for manufactur- 
ing semiconductors. 

This invention will be described in detail below with reference to the accompanying examples and 
comparative examples. 

10 Example 1 

Exhaust gas containing 3.8% of hydrogen fluoride was used as acidic exhaust gas and the gas was 
contacted with 1 m^ of a 10% aqueous solution of TMAH in a packed column type scrubber with a capacity 
of 40 m^/minute until the concentration of fluorine in the gas-treating solution reached 5%. 
75 The pH of exhaust gas discharged from the scrubber was maintained at 7 during the operation and the 
concentration of fluorine in the discharged exhaust gas was 0.1 mg/lrter or less as analyzed by the 
lanthanum alizarin complexon method or the removal of the hydrogen fluoride was roughly 100%. 

Example 2 

20 

The spent gas-treating solution with the fluorine concentration of 5% after the treatment of acidic 
exhaust gas in Example 1 was transferred to a tank equipped with agitating blades, 170 kg of calcium 
cartx)nate with a purity of 99.5% and an average particle diameter of 2.2 um was added and the mixture 
was agitated for 2 hours. 

25 Upon completion of the agitation, a slunry containing the precipitated crystals was introduced into a 
filtering tank equipped with filter ck>th arKi filtered under gravity. 

The recovered filtrate had a fluorine concentration of 2.1 mg/Iiter arKl it was composed of a cok)riess 
transparent 11% aqueous solution of TMAC while the solid recovered after the filtration was 140 kg of 
calcium fiuoride mixed calcium cartx>nate. 

30 

Example 3 

The treatment of acidic exhaust gas was carried out as in Example 1 except using the 11% aqueous 
TMAC solution recovered in Example 2 as gas-treating solution. 
35 The pH of exhaust gas discharged from the scrubt>er was maintained at 7 during the operation and the 
concentration of fluorine in the exhaust gas was 0.1 mg/lrter or less as analyzed by the lanthanum alizarin 
complexon method or the removal of the hydrogen fiuoride was roughly 100%. 

The spent gas-treating solution was treated as in Example 2. The recovered filtrate was a cotoriess 
transparent 11% aqueous solution of TMAC with a fluorine concentration of 2.7 mg/Iiter while the solid 
40 recovered after the filtration was 140 kg of calcium fluoride mixed with cak:ium cartx)nate. 

Example 4 

The treatment of acidic exhaust gas was carried out as in Example 1 except using exhaust gas 
45 containing 2.5% of dihydrogen hexafluorosilica te as acidic exhaust gas and stopping the absorption when 
the fluorine concentration in the gas-treating solution reached 3% and thereafter the operation was 
continued as In Example 2 except ctvanging the amount of calcium cartx}nate to 50 kg. 

The pH of exhaust gas discharged from the scrubber was maintained at 7 during the operation and the 
concentration of fluorine in the exhaust gas was 0.1 mg/Iiter or less as analyzed by the lanthanum alizarin 
50 complexon method or the rerTU)val of the hydrogen fluoride was roughly 100%. 

The spent gas-treating solution was treated as in Example 2. The recovered' filtrate was a cokwless 
transparent 11% aqueous solution of TMAC with a fluorine concentration of 3.2 mg/Iiter while the solid 
recovered after the filtration was 70 kg of calcium fluoride mixed with calcium cart>onate. 

55 ExampI 5 

Th treatment of acidic xhaust gas was carried out as in ExampI 1 xcept using xhaust gas 
containing 0.1% of HF, 0.1% of H2SiF6. 0.05% of HBF*. 0.1% f HQ, 0.1% f HNOa. 0.1% of HzSa and 
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0.1% of H2Q2 asacidic xhaust gas and stopping th operation wh n th concentration of fluohn in th 
gas-treating solution reached 3%. 

Th pH of xhaust gas discharged from th scrubber was maintained at 7 during th operation and th 
concentration of fluorin in th xhaust gas was 0.1 mg/liter or less as analyzed by th lanthanum alizarin 
5 complexon method or the removal of the hydrogen fluoride was roughly 100%. 

Analysis of other acidic ions by ion chromatography indicates that CI NO3 ~ and S04^ are each 
present at 0.1 mg/Iiter or less and the removal of acidic ions was roughly 100%. 

The recovered spent gas-treating solution was contacted with 100 kg of calcium cart»onate and 
subjected to solid-liquid separation by filtration as in Example 2. 
70 The recovered filtrate had a fluorine concentration of 2.5 mg/liter. The filtrate was a coloriess 
transparent 11% aqueous solution of TMAC and it was electrotyzed to give a 10% aqueous solution of 
TMAH. The recovered solid was 150 kg of a mixture (water content 20%) of calcium carlxjnate. calcium 
fluoride, calcium fiuosilicate, calcium fluoborate, calcium chloride, calcium nitrate and calcium sulfate. 

75 Example 6 

The treatment of acidic exhaust gas was carried out as in Example 1 except using exhaust gas 

containing 0.1% of HCI, 0.1% of HNO3, 0.1% of H2SO4 and 0.1% of H2Q2 as acidic exhaust gas and 

stopping the operation when the pH of the gas-treating solution reached 8. 
20 The pH of exhaust gas discharged from the scrubber was maintained at 7 during the operation and 

analysis of acidic ions by ion chromatography irKlicated that Cl~ , NO3 ~ and S04^ are each present at 0.1 

mg/liter or less and the removal of acidic tons was roughly 100%. 

The recovered spent gas-treating solution was contacted with 100 kg of calcium cartx)nate and 

subjected to solid-liquid separation by filtration as in Example 2. The filtrate obtained was transferred to an 
25 electrolysis tank, electrolyzed and separated into a 10% aqueous solution of TMAH and an acidic waste 

liquid. The 10% aqueous solution of TMAH was utilized directly as gas-treating solution and the acidic 

waste liquid was adjusted for pH with a 10% aqueous solution of sodium hydroxide and discarded as waste. 

Example 7 

30 

The treatment of acidic exhaust gas was carried out as in Example 1 except using exhaust gas 
containing inorganic components such as HF. HaSiFt. HBF*. HCI. NQ2. HNCb. NH3. PH3. SO2. SO3. 
H2S04> H2S. and H202 and organic components such as methanol, acetone, isopropanol. tetraethyl silicate, 
triethyl borate, trimethyl tM)rate, trimethyl phosphate and trimethyl phosphite and stopping the operation 
35 when the concentration of fluorine in the gas-treating solution reached 3%. 

The recovered spent gas-treating solution was treated as in Example 2 except chartgirtg ftte amount of 
calcium cartx)nate to 118 kg. 

The pH of exhaust gas discharged from the scrubber was maintained at 7 during the operation and the 
recovered filtrate was coloriess and transparent with a fluorine concentration of 2.2 mg/liter while 200 kg of 
40 solid (water content 20%) was recovered. 

Example 8 

The treatment of acidic exhaust gas was carried out as In Example 7 except replacing tfie alkaline 
45 solution In the scrubber with a 10% aqueous solution of chotirte. 

The pH of exhaust gas discharged from the scrubt)er was maintained at 7 during the operation and the 
recovered filtrate was coloriess and transparent with a fluorine concentration of 3.4 mg/liter while approxi- 
n^ately 200 kg of solid (water content 20%) was recovered. 

50 Example 9 

The treatment of acidic exhaust gas was carried out as in Example 7 except using calcium cartx>nate 
with an average particle diameter of 5 mm. 

The pH of xhaust gas discharged from the scrubber was maintained at 7 during th operation and th 
55 recov red filtrate was cobriess and transpar nt wrth a fluorin concentration of 0.3 mg/lit r whil approx»- 
mat ty 140 kg of solid (water content 20%) was recovered. 
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Comparativ ExampI 1 

Th treatment of acidic xhaust gas was carried out as in Exampt 1 except using a 10% aqueous 
solution of caustic soda as gas-treating solution in the scrubber. 
5 Precipitation of crystals occurred when the concentration of fluorine in the gas-treating solution reached 
0.1% or so and it was not possible to continue the treatment thereafter. 

Comparative Example 2 

10 The treatment of acidic exhaust gas was carried out as in Example 4 except using a 10% aqueous 
solution of caustic potash as gas-treating solution in the scrubber. 

Precipitation of crystals occurred when the concentration of fluorine in the gas-treating solution reached 
0.1% or so and it was not possible to continue the treatment thereafter. 

75 Comparative Example 3 

The treatment of acidic exhaust gas was carried out as in Example 6 except replacing calcium 
carbonate with barium chloride. The concentration of fluorine in the recovered filtrate was 20 mg/liter. 

20 Comparative Example 4 

The treatment of acidic exhaust gas was carried out as in Example 6 except replacing calcium 
cart)onate with calcium chloride. The particles formed were too fine to filter unless a coagulant was added. 
The filtrate obtained by filtration after addition of a coagulant contained fluorine at 15 mg/liter while the 
25 recovered solid (water content 40%) amounted to approximately 400 kg. This means that the recovered 
solid was too much for the fluorine content and the recovery of fluorine from the solid was made with low 
efficiency and difficulty. 

Example 10 

The packed column type scrubbier with the capacity of 32 m^/minute was filled with 300 liters of a 7.4% 
aqueous solution of TMAH (pH 9.20) as gas-treating solution, the solution was contacted with acidic exhaust 
gas containing approximately 180 mg/liter of hydrogen fluoride and. after passage of 9 and 12 hours, 
analysis was rr>ade of the pH of the gas-treating solution in tfie scrubber, the concentration of hydrogen 
fluoride in exhaust gas discharged from the scrubber and the percentage removal of hydrogen fluoride. 

The pH of the gas-treating solution was 8^, the concentration of hydrogen fluoride in exhuast gas was 
0.03 mg/m^ or less and the removal of hydrogen fluoride was 100% after 9 hours while they were 
respectively 5.30. 0.11 mg/m^ and 99.9% after 12 hours. 

40 Example 1 1 

In the treatment of acidic exhaust gas carried out as in Example 10, the gas-treating solution was 
withdrawn as spent solution from the scrubber when the pH of the gas-treating solution reached 5. 10. This 
spent solution contained 4.88 kg (as fluorine) of fluorine compounds. 

The spent gas-treating solution withdrawn from the scrubt)er was transferred to the tank equipped with 
agitating blades. 12.8 kg of calcium cartionate with a purity of 99.5% and an average particle diameter of 
2.2 um was added and the mixture was agitated for 2 hours. 

Upon completion of the agitation, a slurry containing the precipitated crystals was introduced into the 
filtering tank equipped with filter cloth and filtered under suction. 

The recovered filtrate had a fluorine concentration of 1 ,400 mg/liter and it was composed of a cok)riess 
transparent 7.2% aqueous solution of TMAC with 95.5% recovery of TMAC while the solid recovered after 
the filtration was 10.9 kg of calcium fluoride mixed with calcium cartx)nate. 

ExampI 12 

The packed column type scrubt)er used in Example 10 was filled with the 7.2% aqueous solution f 
TMAC (pH 9.80) recovered in ExampI 11 as gas-treating solution, th solution was contacted with acidic 
exhaust gas containing approximately 39 mg/m^ of hydrogen fluoride and, after passage of 33 hours. 
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analysis was mad of the pH of th gas-treating solution in th scrubber, the concentration of hydrog n 
fluorid in xhaust gas discharged from the scrubber and th percentag removal of hydrogen fluorid . 

Th pH of th gas-treating solution was 8.50, th concentration of hydrog n fluorid in xhuast gas was 
0.01 to 0.53 mg/m^ and th r moval of hydrogen fluorid was 99% or mor . 

5 

Example 13 

In the treatment of acidic exhaust gas carried out as in Example 12, the gas-treating solution was 
witfidrawn as spent solution from the scrubber when the pH of the gas-treating solution reached 5. 10. This 
70 spent solution contained 2.88 kg (as fluorine) of fluorine compounds. 

The spent gas-treating solution withdrawn from the scrubber was transferred to the tank equipped with 
agitating blades, 72 kg of calcium cart>onate with a purity of 99.5% and an average particle diameter of 2.2 
um was added and the mixture was agitated for 2 hours. 

Upon completion of the agitation, a slurry containing the precipitated crystals was introduced into the 
75 Altering tank equipped with Alter cloth and Altered under suction. 

The recovered Altrate had a fluorine concentration of 1 ,000 mg/liter and it was composed of a colorless 
transparent 6.0% aqueous solution of TMAC with 93.0% recovery of TMAC while the solid recovered after 
the Altration was 8.0 kg of calcium fluoride mixed with calcium cartx)nate. 

20 Example 14 

The packed column type scrubber used in Example 10 was Ailed with the 6.6% aqueous solution of 
TMAC (pH 9.82) recovered in Example 13 as gas-treating solution, the solution was contacted with addic 
exhaust gas containing approximately 36 mg/m^ of hydrogen fluoride and. after passage of 33 hours, 
25 analysis was made of the pH of the gas-treating solution in the scrubt>er, the concentration of hydrogen 
fluoride in exhaust gas discharged from the scrubt)er and the percentage removal of hydrogen fluoride. 

The pH of the gas-treating solution was 4.30, the concentration of hydrogen fluoride in exhuast gas was 
0.0067 to 0.053 mg/m^ and the removal of hydrogen fluoride was 99% or more. 

30 Example 15 

The packed column type scrubber with the capacity of 32 m^/mtnute was Ailed with 300 liters of a 7.4% 
aqueous solution of TMAH (ph 9.20) as gas-treating solution, the solution was contacted with acidic exhaust 
gas containing approximately 26 mg/m^ of hydrogen fluoride and. after passage of 75 hours, analysis was 
35 made of the pH of the gas-treating solution in the scrubber, the concentration of hydrogen fluoride in 
exhaust gas discharged from the scrubber and the percentage rerrK)val of hydrogen fluoride. 

-The pH of the gas-treating solution was 7.89, the concentration of hydrogen fluoride in exhuast gas was 

0. 017 to 0.030 mg/m^ and the renujval of hydrogen fluoride was 99% or more. 

40 Comparative Example 5 

The treatment of acidic exhaust gas was carried out as in Example 10 except using water (pH 7.00) as 
gas-treating solution and, after passage of 1 hour and 12 hours, analysis was n>ade of the pH of the gas- 
treating solution in the scrubber, the concentration of hydrogen fluoride in exhaust gas discharged from the 
45 scrut>ber and the percentage removal of hydrogen fluoride. 

The pH of the gas-treating solution t)ecame 2.40 after 1 hour and ZSyb after 12 hours and the 
concentration of fluorine in exhaust gas was 1 .84 mg/m^ or less and the renrmval of hydrogen fluoride was 
91.% after 12 hours. 

50 Claims 

1. A process for the treatment of acidic exhaust gas for the separation of its acidic components, the 
process comprising the step of contacting an acidic exhaust gas with a gas-treating solution comprising 
an aqueous solution f quaternary ammonium compounds of gen ral formula (1): 

55 
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+ 

X- (1) 

wherein Ri to R4 are each an alkyi group with 1 to 3 cartwn atoms or an hydroxyl-substituted alkyt 
10 group, said groups being identical with or different from one another, and X is 0H~ or ^ COa^). 

Z A process as claimed in claim 1 wherein the spent gas-treating solution containing absorbed acidic 
components is treated with calcium cart>onate to effect precipitation of the acidic components as 
calcium salts thereof, and separating said cak:ium salts. 

75 

3. A process as claimed in claim 1 or claim 2 wherein the acidic components in said acidic exhaust gas 
are fluorine arKl/or fluorine compounds and said fluorine and/or fluorine compounds are separated as 
calcium fluoride. 

20 4. A process as claimed in any one of the preceding claims wherein the concentration of quaternary 
ammonium compounds in the gas-treating solution is 0.01 to 30% by weight. 

5. A process as claimed in any one of the preceding claims wherein the gas-treating solution is an 
aqueous solution of quaternary ammonium hydroxides. 

25 

6. A process as claimed in any one of the preceding claims wherein the gas-treating solution is an 
aqueous solution of tetramethylammonium hydroxide. 

7. A process as claimed in any one of claims 1 to 4 wherein the gas-treating solution is an aqueous 
30 solution of quatemary ammonium cartK)nates. 

8. A process as claimed in any one of the preceding claims which comprises a precipitation step wherein 
the spent gas-treating solution withdrawn from the at>sorption step and containing the absort)ed acidic 
components is contacted with calcium carbonate to effect precipitation of the acidic components as 

35 calcium salts, a solid-liquid separation step wherein the precipitated calcium salts are separated and a 
recycle step wtterein the freating solution after separation of the calcium salts is recycled as gas- 
freating solution to the al>sorption step. 

9. A process as claimed in any one of the preceding claims wherein said exhaust gas is an acidic exhaust 
40 gas generated in tt^ process for manufacturing semiconductors arKi mainly composed of one kind or 

two or more kinds of compounds selected from fluorine gas. hydrofluoric acid, fluosilicic add and 
ammonium fluoride. 
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